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CMS FE Electronics
Documentation

CCA and QIE specifications

http://www-ppd.fnal.gov/tshaw.myweb/CMS_ASIC_new.htm

Backplane specifications
http://www-ppd.fnal.gov/tshaw.myweb/CMS_Backplane.html

Front End Module specification
http://www-ppd.fnal.gov/itshaw.myweb/CMS_Design.html

Clock and Control Module documents
http://www-ppd.fnal.gov/holm.myweb/CMS_HCAL.htm
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s Front End Electronics \

Principal components:

1. QIE (charge integrator and encoder)
Fermilab ASIC

2. CCA (channel control ASIC)
Fermilab ASIC

3. GOL (gigabit optical link)
CERN ASIC

4. L4913 (rad hard voltage regulator)
STC ASIC from CERN specifications

5. HFE419X-521 (connectorized VCSEL diode)
Honeywell standard 2.5 Gbit/sec device
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CMS

FE Status(1)

AN

- CCA

» Chips are being checked at automated
teststand

* QIE
* Testbeam parts did not run at 40MHz

* Noise levels proved difficult to achieve
» 3000-4000 e’s rms with optimal layout

2 Production wafers back Oct 2002
* QIEs work at 40MHz+
* Proto GOL ASIC tested - ok
« Gigabit Ethernet protocol at 1.6 Gbits/s
« 2 Engineering wafers out for Fab.
* Design work under way for GOL tester
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CMS

FE Status(2)

 Connectorized VCSEL tested — ok

» Voltage regulator tested - ok

- Radiation qualified the “glue” logic parts
* 144 channel Testbeam 2002 (33Mhz) — ok
« HB Backplanes are complete

 HE Backplane prototype exists
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CMS

FE Channels
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CMS

QIE Description

QIE (already passed PRR)

Charge Integrator Encoder
4 stage pipelined device (25ns per stage)
charge collection
settling
readout
reset
Inverting (HPDs) and Non-inverting (PMTs) Inputs
Internal non-linear Flash ADC
Outputs
5 bit mantissa
2 bit range exponent
2 bit Cap ID
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CMS E

QIE Specification °

QIE Design Specifications
* Clock > 40 MHz
 Must accept both polarities of charge

« Charge sensitivity of lowest range —
1fC/LSB(inverting-input)

* [n Calibration Mode 1/3 fC/LSB

« Maximum Charge — 9670 fC/25ns(inverting-
input)

4500 electrons rms noise
 FADC Differential Non-Linearity < .05 LSBs

A
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QIE Test Results .

Nominal QIE8 Response

Non-Inverting Input

Nominal QIE& Response
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Production Ql
* QIE modified to work at 40MHz
« 2 wafers arrived in early Oct ‘02
* Production hold on remainder of wafers

* ASIC tester verifies 40MHz operation
* Tested parts should be in hand Mar ‘03

Mod Full CMS QIE

FAEB Eng/Prod Run w/Prod Halt
Get 2 wafers/TestPackage
Finizh Production Wafers
Package QIEs

Te=st Eng/Prod Run

Mon 274102

Mon 7/22/02

Mon 10/7/02
Mon 120003
Mon 2/303
Mon 37303

CMS CMS QIE Production

Schedule

E

120 days
55 days
20 days
10 days
20 days
25 days

"H
C

I Mod Full CHS OIE
B FAB Eng/Prod Run

I Get

1=t two wafers and test
| Finish Fab Process
[ Package QIEs

I Test Eng/Prod Run
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CMS

Channel Control ASIC ‘<

The CCA provides the following functions: (Already passed PRR)

The processing and synchronization of data from two QIEs,

The provision of phase-adjusted QIE clocking signals to run
the QIE charge integrator and Flash ADC,

Checking of the accuracy of the Capacitor IDs, the Cap IDs
from different QIEs should be in synchronization,

The ability to force the QIE to use a given range,
The ability to set Pedestal DAC values,
The ability to issue a test pulse trigger,

The provision of event synchronization checks — a crossing
counter will be implemented and checked for accuracy with
every beam turn marker,

The ability to send a known pattern to the serial optic link,
The ability to “reset” the QIE at a known and determined time,

And, the ability to send and report on any detected errors at a
known and determined time.

ESR December, 2002
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CMS E

CCA Status ‘<

Engineering/Production chip submitted
March ’02
- Wafers back
 Two wafers were packaged
* Used successfully in testbeam
 Remainder of wafers have been packaged
« CCA ASIC tester ready — chips being tested
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CMS

 FNAL to help in production of ASIC tester

GOL

Gigabit Optical Link (GOL) Configuration

« 32 bit mode; 1.6 Gb/s; Gigabit Ethernet Protocol
* Engineering order submitted and back from fab

* Untested parts in hand Jan/Feb ‘03

CIMT
Encoder
D{31:0 ]
E - Data ] l Word
IE:‘-‘ Inferface Multiplexe
| | -] BBEMOB |
Encoder
LHC cloc FLL& |« =
— Clock |—
Generatol, Lasar
Cirivar
Sanalizer
1€ IContol & ' 51| outH
Status Line out-
ﬁ- Ragistars Diriver

Figure 1 GOL block diagram.
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CMS Connectorized VCSEL C
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CMS HF VCSEL
(PMT Boards)
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6 channel FE HPD Proto

A
TP7
_ FNAL [gJero
CMS HCAL HPD FE BOARD
T. SHAW / ALP
05/06/02
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A

6 channel FE HPD Proto
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CMS

ESR December, 2002
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HF Electronics (PMT)

A

Forward Calorlmeter Front-End (HF):

..... . | ) | Sample 0 Channel 2 |

[io0

Mean

| Hent = 16040
= A7
RMS = 05452

m single
PE expected here
6000 — {50k gain)
m_ 5m of skewclear
2000 cable
ﬂ{-}:..l. S S H] .I..I.J... S A A S A S i i
2 4 8 0 122 14 18 18 20
Boston University
Package of HCAL QIE in standard 3u VME crate with non-inverting input.
Connect QIE to phototubes {5m distant) without introducing excessive noise.
Will be used in CERN testheam 2003 for HF calibration (18 wedges).
20
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< HF Cable tests CA

QIE raw (rms)

RG-174 Coax Skew-Clear 8 pair 24AWG
0.8 ¥ 0.575
0.775 s 3 7 '
0.75 § 0.55
0.725 l .
07 0.525 5
0675 o 8
0.65 w 0.5 i l
0.625 = . s
. H— s o
0.55 &© > & Noise
O & osr—%
0.5 L
0.475 d 0425
0.45
0_425‘ L
0.4 : : . : : | )
0 1 2 3 A4 & B 0.375
Length(m) 0.358% . . . . . .
0 1 2 3 4 5 6
HCAL at Boston U Oct 2002 E. Hazen Length (m}
HCAL at Boston U Ot 2002 E. Hazen
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CMS E

HF Status <

S
= HF Noise Test Summary

e PMT Test setup comissioned with

QIE/HTR/DCC chain.

* Extensive testing done with two cable types,
lengths from [-6m:
— Dual RG-174 coax with overall braid shield
— Amphenol Skew-Clear(tm) 100 twisted pair
* Noise performance 1s excellent:
— 9500e rms (1.5fC) for 6m skew-clear cable

— 12500e rms (2.0fC) for 6m RG-174 coax cable
(single pe is 8fC for PMT gain of 5E4)

HCAL at Boston U Oct 2002 E. Hazer
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CMS

Backplane Low Voltage Power c
Connector A

Product Facts

"Inverse-sex" design meets IEC 950 safety requirements

Current rated at 7.8 amperes per contact, 23.5 amperes per module, fully
energized

Sequenced right-angle headers available for "make-first/break-last"
applications

ACTION PIN press-fit contacts on both headers and receptacle
Contacts designed for up to 250 mating cycles

Recognized to U.S. and Canadian requirements under the Component
Recognition Program of Underwriters Laboratories Inc.

Universal Power Module

ESR December, 2002 23




CMS

Backplane Connectors

A
L
Type C and Enhanced Type C Assemblies
Minimum adjacent mounting space required:
12.7 [.500]
Current Rating:
Per DIN 41612*
Voltage Rating:
250 VAC
Dielectric Rating:
1000 VAC
Contact Resistance:
15 milliohms initial at 100 ma and 50 mv, open circuit
Types B, C, Q and R per DIN 41612
‘E‘: 2.0
£ 15
g ‘H“‘"‘-«-.
{%‘J' 1.0 ™~
> S
£ os ™
3 S
g oo \
o 0 20 40 &0 80 100 120 140
Ambient Temperature of Gonnector ("C)
24
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CMS HCAL RBX Backplane -.

Signals L

Pin Number Row A Eow B Row C

1 S G D
2 Wl Wl Wl
3 GHD G GHD
4 Ve W Ve
3 G D G G D
& W2 W2 W2
7 iFH D G D IR D
8 MCTLEA+ G SEECLE+
a MCLE- GHD SERCLE-
10 G SEE_DAT
11 TEMF G EESET PLIA+
12 G EESET PLL-
13 GEO _ADDE (D) G EESZET+
14 GEC ADDEMD G D EEZET-
15 BEERO+ G PWE_EESET
16 BZERD- GHD PWE Trip

Table 2. FE Module Backplane Signals

V1 (power)

* Input voltage of 6.5V, which is regulated on board to 5.0V. This supplies power to the
QIEs and temperature transducer.

V2 (power)

* Input voltage of 4.5V, which is regulated on board to 3.3V and 2.5V. This supplies
power to all parts other than QIEs and the temperature transducer.

ESR December, 2002 25



CMS

HCAL RBX Backplane -.
Signals .

MCLK+/- (input)

Differential LVPECL signal which supplies the 40MHz LHC clock signal.

TEMP (output)

Single ended line which provides a temperature measurement from the module. This
is the output of a temperature transducer.

GEO_ADDR(1:0) (input)

Geographic address pin on the backplane. The two pins provide address encoding for
slot position within a group of three modules, see Table 3. These pins have weak puli-
ups on the FE modules, so that grounded pins have an address of logic “0”, and
floating pins have a logic level of “1”.

BZERO+/- (input, active high)

Differential LVPECL signal which supplies the “Beam_Zero” marker. The
“Beam_Zero” signal is required to reset the QIEs. The CCA is actually tasked with
issuing a QIE_Reset, but does not do so until it senses a Beam_Zero.At least one
Beam_Zero signal must be sent across the backplane before the FE module will be in
a working state.

The Beam_zero signal also triggers the CCA to output an “Orbit Message” to the GOL
in place of normal QIE data.

ESR December, 2002
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CMS HCAL RBX Backplane -.
Signals .

RESET+/- (input, active low)

- Differential LVPECL signal which supplies the reset signal to the CCA. This reset
signal must be sent at or after power up in order to ensure the proper operation of the
CCA. In addition, this reset will reset all CCA register values to the default value.

RESET_PLL+/- (input, active low)

« Differential LVPECL signal which supplies the reset signal to the GOL and the CCA’s
Delay Lock Loop. This reset signal must be sent at or after power up in order to
ensure the proper operation of the GOL and CCA. In addition, this reset will reset the
CCA delay lock loop, without effecting the CCA register values.

PWR_RESET (input, active high)

« Single-ended LVTTL signal used to reset the power circuit of the FE Module. This
must be applied after power is initially applied to the circuit, prior to any other
operations, as well as whenever an over current trip of the power circuit has occurred.

PWR_Trip (output, active high)
* A wired-or line which will signal that a FE module has had an over current trip.
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HE Backplane

CMS

Prototype

29
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CMS Readout Module R
Overview

FIBERS from —_- 6 Channels
Detector
\
] 6 Channels
H
OoDU P
D 6 Channels
HV
CABLE
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= FFC Signal Cable

=
o PARLEX CORP 1101
AN STYLE 20890 10St

0.5 mm pitch

Flat Flex Cable

IHIHHIHHIHHHNHIHHIHHHIHII
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CMS

RM-19 Plan View
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CMS

RBX Readout Module ‘

A

The readout module (RM) integrates the HPD, front end
electronics, and digital optical drivers.

L LL b

&% War v

Lhd

o
r

Interface @ HPD M'cl)unt
HV Card '

Electronics cards
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RM19 Rear and Front
Views
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CMS E

HB RBX Assembly "

Full RBX with
19 ch RMs

RBX Interior -- HV
distributor and
backplane
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Testbeam 2002
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= Testbeam Plots e
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cvms/ | Pre-Production 6 Channel .
Module

Modifications from TB2002 Module

* New QIE pinout

* No fusing

 New Power trip circuitry with reset

* Improved Flat Flex Cable (FFC) connector
 New Grounding cable(s)

A

L

ESR December, 2002
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e-Production 6 Channel
Module

. 3R BE EE B K N OEE K BE R B NS R N N

* *
* *
* *
L
* *
* *
* *
* *
*  *
* *
L
* *
* *
* *
* *
L

AN EN- PiL®
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CMS

ASIC yields/spares .

QIE

 We are assuming a 70% vyield, and buying 40%
spares

CCA

 We are assuming a 70% vyield, and buying 40%
spares

All other chips are bought tested.
20% spare cards for FE electronics

40% spare ASICs will be purchased
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CMS

Front End Timeline .

Major HCAL Tasks{V33)

HB- Install Scintillators, bldg 186

Assemble HB-, SX5

Receive HB+ Wedges, bldg 186

Install HB+ Optics, bldg 186

Assemble HB+, SX5

Rad/Reliability Testing

Testheam 2003

Install electronics HB-, HB+

Install electronics HE-, HE+

Vertical Slice Operations, SX5

Magnet Test, SX5

Install into WX C55

Underground Cabling, USC55

First Beam

ESR December, 2002
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CMS :

FE Production Schedule -.

L
2003 2004 2005 2008
D [Task Mame Duration Start Finizh Jul i Ot | Jan i Apr i Jul i Oct | Jan i Apr i Jul i Ot | Jan i Apr i Jul i Ot | Jan i Apr
1 GOL Production 100 days | Mon 34902 Fri1/3/03 ﬁ
2 Fabricate S0 days | Mon 849002 Fri 10025102
3 Package 30 days | Mon 10025002 Fri 1206002
4 Test 20days Mon 120902 Fri 103003
5 | CCA Production 65 days  Mon 3/26/02 | Fri11/22/02
B Package parts 30 days | Mon 8526002 Fri 1004402
7 Test Parts 35 days  Mon 107002 Fri 112202
o] OHE Production 140 days  Mon 72202 Fri 13103
9 Fabricate S5 days | Mon 7122002 Fri 1004402
10 Gethackage 1st two wafers 20days | Mon 107002 Fri11Mi02
A Finizh Fab of 24 waters 10days Won 114502 Fri 11729502
12 Package 24 wafers 20days | Mon 125202 Fri 1252702
13 Test QIEs (2 techs) 25 days | MWon 12430002 Fri 1434403
14 |RD4% LV Regulators 90 days  Mon 3/30/02 Fri 173103
15 1000 parts avail. Sept '02 20 davs an 9530002 Fri 1052502
16 0000 parts avai early '03 20 davys Ilan 1803 Fri 1531003
17 | Commercial Parts 65 days  Mon 31602 | Fri12M302
18 Order Parts Sdays | Mon 9M G602 Fri 9420002
19 Receive Parts B0 davs an 9/2302 Fri12Mm302
20 |Pre-Prod PCBs (new QIE powerigndicable) 25 days Mon 1072102 | Fri 1172202
21 Order Boards 10 days | Mon 1002102 Fri11Mi02
22 Aszemble Sdays | Mon 1154002 Fri 11553402
23 Test 10days  Won 111102 Fri 11722002
24 |Produce/Assemble FE modules 195 days | Mon 112502 Fri 8/22/03
25 Order200+ Boards (TERadReliabilty) 20 days | Mon 11525002 Fri 12520002
26 Azzemble Boards (TBRad/Reliakility) S0 dayvs Won 1202302 Fri 252803
27 Order Boards - Production 15 days | Mon 5526003 Fri B 3403
28 Aszemble Boards - Production S0 days . Mon BMED3 Fri 8522003
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CMS

FE Production Schedule -.

2003 2004 2003 2006
I | Task Name Durstion Stant Firiigh Jul | Oct [Jan [Apr | Jul | oct | Jan [Apr [ Jul [ Oct | Jan | 2pr | Jul [ Ot [Jan | 2pr
29 [Test FE Modules {qty 2002) 201 days Tue TH1/03 Tue 47604 P 10 FE cardsiday {1+ Elec Tech/ Lee Scott)
a0 HE- ety 234) 23 days Tue T3 | Thu 7/31003
3 HE- oty 234) 23 days Fri &4.03 Tue 9203
2 HE+ [aty 2347 23days | Wed 95303 Fri 10,303
33 HE+ gty 254) 23days | Mon 1003 Wed 11503
34 HO 0 (ot 1207 12days | Thu 11803 Fri11/2103
35 HO + (aty 156) 16 days | Mon 11/2403 | bon 1201503
36 HO - (oty 1:56) 16 days  Tue 1211603 Tue 1504
ar HF (gty 3000 Probabiy sooner at G 30 davys Wiad 1704 Tue 21704
38 Spares (oty 334) 35 days | Wed 248104 Tue 4J604
33 [HPD Production/Testing {qty 500} 162 days | Mon 11/402 Tue 32304 P [ HPD's Wk
an HE- ety 727 sxdays | Mo 11002 Tue 1M403
41 HE- [ty 72 sadays | Wed 1MSI03 | Thu 32703
42 HE+ (cty 72) 52 days Fri 3283 | hion 62003
43 HEH+ (gty 72 s2days | Tue GRS | Wed B/20003
44 HO 0 (oty 36) Gdays | Thu @203 Thu 972503
45 HO + [ty 48) 35 days Fri Q2603 | Thu 111303
45 HO - (iogty 48] Fadays Fri 111403 Thu 10104
47 Spares [ty 500 28 davs Fri1r2m4 Tue 372304
45 |AssembleTest RMs (qty 420) 175 days Tue 7303 Mon 3804 12 BMs/week (3 assembly techs)
44 HE- ety 721 30 days Tue 7303 | Maon SM 803
=0 HE- (oty 72) 0days | Tue BAQ03 | Mon 972903
1 HE+ (cty 72) I0days | Tue WS0O3 | Mon 11003
52 HEH+ (gty 72) I0days | Tue 11A103 | Mon 1272203
53 HO 0 fety 36) 15days | Tue 122303 Man 14204
o4 HO + (oy 48) 20 days Tue 113504 hon 2/804
55 HO - [ty 48) 0days | Tue ZH0M4 | Mon 3604

ESR December, 2002
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CMS

FE Production Schedule -.

L
2003 2004 2005 2006
I |Task Mame Duration Start Finizh Jul Joct [Jan [ apr | dul [oct [Jan [apr | dul [ oct [Jan [Apr | oul [ oct [dan J2pr | du
56 |FHAL RE¥X Integration (qty 108} 180 days | Tue 71503 Mon 322704 ﬁ 3 RBXs/wk (0.5 phys/ 0.5 eng) Check/Burn-in
57 HE- gty 181 30days  Tue 7A503  Mon 82503
58 HE- [ty 18) 30days | Tue 82603 Mon 1003
= HE+ [ty 181 30days | Tue 10703 Mon 111703
G0 HB+ (oty 181 I0days | Tue 114803 Mon12025/03
&1 HO O gty 120 20days | Tue 123003 Mon 1726104
62 HO + [ty 129 20days | Tue 12704 Mon 2023104
2] HIZ - oty 123 20 days Tue 2124104 hion 3522104
£4 |Install BBXs on Detector (gty 108) 37 days Tue 4103 Tue §31/04 # 1 Phys,2 techs (3 RBXs/wk)
G5 Inzstall HE- RBXs on Detector (oty 18) 30 days Tue 7128103 hon 955103 .
GE Inztall HB- REX= on Detector (oty 18) 30 davys Tue 22003 Mon 105200035
&7 HB:End Electronics Installation in RBXs 1day| Wed FM603 Wed 71603
[ata] *** Move HB:End Electronics Installation in 1 day Mon 2/2/104 Mon 27204
2] Install HE+ REX= on Detector (gty 18) 30 davys Tue 10,703 | Mon 1M 703
7o HE+1:RBXs ready for Installation 1 day Tue 31703 Tue 4103
Eal ** MoveHE+1:RBXs ready for installation 1 day Fri 84/03 Fri 8M/03 ' &M
V2 Inzstall HB+ RBX= on Detector (oty 18] 30 days Tue 120203 Wan 111204
73 Install HO 0 RBXs on Detector (ogty 12) 20 davys Tue 1113104 Mon 25904
7d Install HO + RBXs on Detector (gty 120 20 davys Tue 21004 hon 35804
va Inztal HO - RBX= on Detectar (gty 12) 20 days Tue 31304 Maon 45504
TG HO:End Electronics Installation in RBXs 1day| Tue 83104 Tue §:31/04 ‘ 831
77 |Install HF Electronics in 3U EuroCrates Jddays  Wed 1/21/04 Mon 37804
78 |HF Readout Box Installation Complete 1day| Tue 33004 Tue 3530/04 ’ 3730
73 |Slice 1 in $X5 Complete 1day Mon 3/29/04 Mon 3/29/04 ‘ 3729
a0 |Slice llin 5X5 Complete 1 day Tue 1130004 Tue 11,3004 ’ 11730
81 |5x5 Magnet Test 1day| Mon 13105 Mon 1/31/05 ’ 131

ESR December, 2002
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CMS i ] BB
Testing Scenarios .

Please Reference HB Schedule

Line 29 - Checkout FE Module
 Checked out with DAQ hardware/software
* Require 10 good cards/day
* 1+ technicians allocated

« All boards, chips 100% tested prior to
assembly

« Expect high yield of first time pass >90%

* Technicians will repair all cards which don’t
pass initial checkout; expect >99% yield
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Testing Scenarios °.

Please Reference HB Schedule

Line 48 — Assemble Readout Module and
checkout

An RM includes three FE cards, an HPD and associated
cabling

Require 12 good RMs/wk
3 technicians allocated
All boards 100% tested prior to assembly

RMs will be tested/read out by HCAL local DAQ system,
hardware will allow for charge injection to test QIEs

Expect high yield of first time pass >90%

Technicians will repair RMs which don’t pass initial
checkout; expect 100% vyield
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Testing Scenarios .

Please Reference HB Schedule

Line 56 — Burn in RBXs
* An RBX receives 4 RM modules

 Boxes are left powered for a week and then re-
tested

3 RBXs will be completed each week

« 2 physicist, 2 engineer allocated

« RBXs will be tested/read out by HCAL local
DAQ system, hardware will allow for charge
injection to test QIEs

« Expect high yield of first time pass >95%

* Technicians will repair all RBXs which don’t
pass initial checkout; expect 100% vyield
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Testing Scenarios .

Please Reference HB Schedule

Lines 64 — Ship RBXs to CERN and Re-
test
« RBXs are shipped to CERN,

 Two techs and a physicist will re-test the
boxes on receipt and before installation.

« RBXs will be tested/read out by HCAL local
DAQ system, hardware will allow for charge
injection to test QIEs

« Expect high yield of first time pass >95%

* Technicians will repair any RBXs which don’t
pass initial checkout; 100% vyield
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Summary .

L

1. Front-end electronics are on schedule
Very little schedule float for QIE, GOL, LH4913

Infrastructure at SX5 for burn-in and slice tests
is of concern

2. Steady Progress
QIE development/bench studies — begin 1999
2 channel card — June ‘01
2 channel card w/HPD - Aug ‘01
6 channel card w/HPD — March ’02
144 Channels in the test beam — Aug ’02
200 Pre-prod cards will be built Feb/Mar’03
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Future Focus -

1. Development of a low-noise cable and
connector configuration for the HF
photomultipliers

2. Board level radiation testing for SEE
and SEL

3. Ramping up the nested production,
test and assembly lines for readout
modules

4. 200 card Pre-production run to be
completed early 03

5. Full Production to start July/Aug. ‘03
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